Measurements under the same conditions on oc-A120 3, the calorimetric standard, suggest instrumental inaccuracies of about 0.2 and 0.5% for the relative enthalpies and heat capacities, respectively [Richet et al., 1982] .
The forsterite specimen used for calorimetric measurements, of industrial origin, was given by O. Jaoul (Universit6 Paris XI). Its composition, as determined from electron-microprobe analyses with the automated CAMEBAX microprobe of the Universit6 Paris VI is 0.11 (2) 
In spite of the considerable geophysical importance of forsterire, calorimetric measurements have long been scarce and the relative enthalpies of Orr [1953] up to 1800 K were the only available high-temperature data. Our experimental relative enthalpies (Table 1) Chopelas [1990] . This is also shown in Table 3 by the correspofiding isothertna.1 Grtineisen parameters:
•T = KT (3lnvi/3P)T (4b) which were calculated with the 1-bar, 298 K bulk modulus.
ANHARMONIC!TY AND HEAT CAPACITY

Macroscopic Evidence
The isochoric heat 9apacity (C v) is related t? the measurable isobaric heat capacity by: As shown in Figure 4 for forsterite, one observes that vibrational frequencies do vary with temperature. In the quasiharmonic approximation, these variations are simply accounted for by allowing the frequencies to be temperature dependent in equation (6). Thus, in both the harmonic and quasi-harmonic approximations, the high-temperature limit of C v is 3Rig atom since the high-temperature limit of an Einstein oscillator is k. In other words, it is assumed that the anharmonic contribution to C v is negligible, and that 
The parameter ai can also be expressed as
and thus it can be determined from the pressure and temperature dependences of v i through (4a)-(4b). The•se parameters at 298 K and ! bar are listed in Table 3 for forsterite, along with their uncertainties as obtained from the spectroscopic results. Note in Figure 9 that the absolute values of these parameters are lower for the internal modes of SiO4 tetrahedra than for the lattice modes. , As we will show now, the usefulness of the a i parameters is that the isochoric heat capacity of an ensemble of anharmonic oscillators is simply related to the harmonic heat capacities'
Cv = Y• Cvi h (1 -2aiT) = Cv h -T Z 2ai Cvi h (9)
where C v h, the harmonic part of the heat capacity, can be This makes it these terms negligible in (16). In summary, the parameters a i must be considered as temperature independent in (9), a conclusion similar to that obtained by Gillet et al. [1988, 1989] pointed out that equation (5) Cv was allowed to differ from the Dulong-and-Petit limit, i.e., when significant anharmonicity was assumed.)
Basically, we will follow the same approach, with the main difference that we greatly reduce the number of adjustable parameters by considering Cv as a known quantity obtained from anharmonic vibrational modeling. The optimization method followed has been described in detail by Tarantola and Valette [1982] and Sotin [1986] . The starting parameters are listed in Table 5, (3) Comparison of the derived a (Table 5 ) with available data in Figure 11 shows very good agreement with the hightemperature observations and extrapolations of Kajiyoshi [1986] . The inverted values of KTO and (dKT/dT)o listed in Table 5 
The moduli obtained in this way are compared in Table 6 and J' Calculated from equation (23) • Calculated with equation (29) 
We will note Ym the Grtineisen parameter which can be expressed in terms of these microcopic parameters. For the special case of an harmonic solid, one has [Slater, 1939] 
Ym = Z•q Cvih/ Z Cvi h (25)
where the harmonic calculation is emphasized by the superscript h. The parameters calculated with (23) and (25) should be equal, but it has been found that eqn (25) gives values too small with respect to those obtained with (23) [e.g., Chopelas, 1990] . Price et al. [1987] suggested that part of the discrepancy arises from the intrinsic anharmonic contribution to Ym. Hence, in this section we will first derive a general relationship between Ym and the individual mode parameters in the case of an anharmonic solid. But application of this relationship to forsterite, for which a great many mode parameters can be determined [Chopelas, 1990;  this work] still underestimates y. We will finally discuss possible reasons for the discrepancy between the macroscopic and microscopic parameters and describe a sampling method which would allow to obtain consistency between the microscopic and macroscopic thermal parameters. 
and we thus conclude as usual that 7m is the average of the mode Grtineisen parameters only if these are not functions of temperature at constant volume.
Application to Forsterite
In this section, we assess the importance of the various terms of (29) (Table 7) . Thus a significant improvement is obtained in this way, for the results (Table 7) contributions to Cp makes it difficult to calculate Cp from spectroscopic data at high temperatures. In addition, the current discrepancies between Grtineisen parameters calculated from macroscopic and microscopic data also prevents reliable application of spectroscopic measurements to quantitative modeling of thermodynamic properties of mantle minerals. As pointed out above, this discrepancy requires spectroscopic measurements at both high temperature and high pressure in order to be resolved. In addition, efforts should be made to devise ways of determining the temperature dependence of thermal expansion coefficients from spectroscopic data.
